A 78-year-old diabetic woman experienced multiple sites of gangrene not only in fingers that were directly bitten by a dog but also in fingers and toes that had not beenbitten. Her glycemic control was fair and microvascular complications were mild. There were no clinical findings related to angitis, collagenosis or severe infection. The fingers and toes with gangrene were amputated. The pathological diagnosis was diabetic gangrene. This report presents a case of multiple sites of gangrene of the fingers and toes after a dog bite in an elderly patient with type 2 diabetes.
Introduction
Diabetes mellitus is associated with various complications, and gangrene, which often results in the amputations of extremities, is a disabling complication associated with the disease. Asians with diabetes have a relatively lower risk of lower extremity amputation in comparison with diabetic Caucasians, whereas they are more likely to have toe amputations in comparison to whites (1) . A recent report that investigated the prevalence of chronic complications in Japanese diabetic patients from the Japanese Ministry of Health, Labor and Welfare showed that the prevalence of foot ulcer and gangrene ranged 1.6-2% and that of foot amputation was 0.6% (2). Gangrene is rare in the upper extremities and is generally seen after a prolonged duration of diabetes.
The popularity of household pets continues to grow, and the incidence of domestic animal bites is increasing. The most common animal bite injuries are inflicted by dogs and dog bites often affect the extremities, with upper extremity bites occurring more frequently than lower extremity bites (3) . Hospitalization is usually limited to a minor percentage (1-2%) of the cases (4, 5) . The overall infection rate for dog bites is estimated at 15%, however, the infection rate is higher for patients with diabetes (3). This report presents the case of an elderly diabetic patient that required amputation because of multiple sites of gangrene on her fingers due to a dog bite and non-traumatic gangrene of fingers and toes.
Case Report
A 78-year-old woman was admitted with progressive gangrene of the bilateral first to fourth fingers and all toes of the left foot. She was diagnosed to have type 2 diabetes at the age of 67 years. She started to take glibenclamide one year later and her HbA1c improved to less than 6.9%. Her fingers and toes began to feel chilly and she underwent operation of lumbar vertebral canal stenosis at the age of 76 years. She had no history of smoking or alcohol intake. Her left four fingers were bitten by her own pet dog in February 2009. The skin of the left distal phalanx of her forefinger was injured and became pale. She visited her family doctor and was administered oral antibiotic drug in March. The wound remained quite painful, despite her use of analgesics. The end of her left forefinger turned black and the left second to fourth fingers became pale. At the same time, four of the fingers on her right hand and all of the toes on her right turned purple in spite of no obvious injury. She was admitted to a general hospital in April and amputation of her fin- gers and toes was recommended, however, she refused treatment. She left the hospital in June and was admitted to this hospital in July because the ends of four fingers of both hands, the left hallux and all of her lesser toes were black, and her left foot was injected and swollen.
Physical findings on admission
Her height was 147 cm and weight was 44.2 kg (BMI 20.5 kg/m 2 ). Body temperature was 36.6 and the resting supine blood pressure was 106/53 mmHg. There were no abnormal findings in the thoracoabdominal region. The ends of four fingers of both hands, left hallux and all of the lesser toes were black (Fig. 1) . The vibratory sensibility of bilateral lower limbs and bilateral ankle reflexes were decreased. She had bilateral simple retinopathy. (Table 1) The laboratory data are shown in Table 1 . There were no abnormal findings in the urinalysis. The white blood cell count was normal, C-reactive protein was slightly elevated and the erythrocyte sedimentation rate was accelerated, suggesting inflammatory changes. Transaminases, creatinine, A.
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BUN and electrolytes were within the normal range. HbA1c was 6.5% due to the use of 0.9 mg voglibose. Immunoglobulin, complement and coagulation markers were within the normal ranges.
Findings of angiography (Fig. 2)
Angiography of the upper extremities revealed the complete obstruction of the bilateral radial and ulnar arteries at the peripheral region from the wrist joint. Collateral vessels developed in the bilateral hands. Angiography of right lower limb showed the complete obstruction of the anterior tibial artery and 99% stenosis of the posterior tibial artery. Similarly, there was 75% stenosis at the upper part of the anterior tibial artery, 99% stenosis at the lower part of anterior tibial artery and the complete occlusion of the posterior tibial artery in left lower limb. There were well developed collateral formations at the end of the bilateral ankle joints, perfusion delay and diffuse stricture of the arteries. She underwent balloon angioplasty of the left anterior tibial artery to relieve the stenosis and the blood flow of the artery was markedly improved. Anticoagulant therapy with aspirin and prostacyclin as a vasodilator were initiated after the operation. Coronary angiography showed 50% stenosis and calcification of right coronary artery.
Examination of the nervous system and circulation
The pulse wave velocities of the limbs were high, indicating sclerosis of her arteries. The bilateral ulnar nerve conduction velocities were normal, while the bilateral sural nerve conduction velocity was delayed. The bilateral ankle brachial pressure indices were normal. The coefficient of variation of the R-R intervals (CVRR) was examined to estimate the autonomic dysfunction of the peripheral nervous system. The result of her CVRR was 3.46% (normal>2.8%), indicating that the sympathetic peripheral autonomic nervous system was normal. The percutaneous oxygen partial pressures of the bilateral hands and feet were normal and showed normal reaction for oxygen load except the right dorsum pedis, which indicated that her peripheral bloodstream was sufficiently maintained and her sympathetic peripheral autonomic nervous system was normal. Skin perfusion pressure measurements for the bilateral thumbs, fingers and toes were within a normal range.
Clinical course
The presence of methicillin-susceptible Staphylococcus aureus (MSSA) was confirmed from all ulcer cultures. Antibiotic therapy (sulbactam sodium and ampicillin sodium) was stopped on the 20th day in the hospital because her laboratory data showed that the inflammation had improved. The gangrenous tissue was regularly irrigated to prevent infectious progression until the day of surgery. The gangrenous tissue was removed from the third and fourth toe of the left foot and right first, third and fourth fingers on the 72nd day in the hospital, because they were localized at the end of a distal interphalangeal joint. The left hallux, second and fifth toe were amputated at the metatarsophalangeal joint and the right second finger was amputated at the proximal interphalangeal joint and the left second to fourth fingers were amputated at the proximal phalanx on the 78th day. The postoperative wounds healed very well and she was transferred to a rehabilitation center on the 115th day in the hospital. A histopathological examination of the amputated tissues of fingers and toes revealed occlusion and wall hypertrophy of the microarteries (Fig. 3 ). There were no inflammatory or proliferative findings. The pathologic diagnosis was diabetic gangrene.
Discussion
The current patient showed severe progressive gangrene in the left fingers that were bitten by a dog as well as in other fingers and toes that were not injured. There was blue discoloration in the right fingers and left toes in the absence of obvious trauma (blue toe syndrome) prior to progression to gangrene. Blue toe syndrome is generally caused by decreased arterial perfusion, impaired venous outflow, and abnormal circulating blood flow (6) . The current patient showed no cardiac or aortic tumors or inflammation leading to embolism. There were no laboratory findings that indicated a hypercoagulable state such as collagenosis, vasculitis, or an autoimmune disorder. The histopathology of the amputated tissue also demonstrated negative findings for collagenosis, including vasculitis since there were no findings of arterial thrombus, recanalization of occluded vessels and infiltration of leukocytes or lymphocytes. The angiography results suggested Buerger's disease because there were vessels that resembled corkscrew collaterals and sudden interruption of peripheral arteries. However, the patient did not fulfill the diagnostic criteria of intractable vasculitis established by the Japanese Ministry of Health, Labor and Welfare (7) and there were no histopathological findings to indicate Buerger's disease. We diagnosed diabetic atherosclerosis and gangrene because of long duration of diabetes, fair control, and histopathology findings.
Gangrene of the upper extremities rarely occurs in a patient with diabetes mellitus (8) . Generally, gangrene in the hand shows rapid progression and a high mortality rate (9) . The risk of ulcers, gangrene or amputations are increased in people who have a long history of diabetes, have poor metabolic control, or have cardiovascular, severe retinal, or renal diabetic complications, especially in men (10) . Most of the patients that develop gangrene of the upper extremity, have end-stage renal disease or are under hemodialysis because these conditions are associated with arterial calcification and the development of arterio-venous shunts, leading to digital ischemia in the hands (11) . However, the present patient's metabolic control was fair and diabetic microvascular complications were mild.
There are several possible explanations for the multiple sites of progression of gangrenes in fingers and toes, including nontraumatic lesions. There may have been strong arterial contraction induced by an overreaction of the sympathetic nervous system to severe pain. Digital gangrene caused by finger pricks for blood glucose monitoring in a patient who had diabetes has been reported (12) . They thought that the pain from pricking the finger pricks caused an overreaction of the sympathetic nervous system leading to arterial contraction. The present patient required prolonged administration of analgesics including narcotic medicine to endure severe pain. In addition, the patient's infection probably played a role. Pasteurella multocida, the major pathogen isolated from cat bites, is also associated with bites from dogs (3). Clinical infection with P. multocida is characterized by the rapid development of an intense inflammatory response with prominent pain. Moreover, bacterial infection might cause bacteremia or sepsis that leads to a hyper-coagulable state. Only MSSA was detected from a culture of the specimen from the ulcer in the current case and P. multocida may have been eradicated by the antibiotic therapy. Finally, the gangrene of the left foot may have been associated with weight overload. The patient had lumbar vertebral canal stenosis causing her to lean towards the left. Foot orthopraxis was provided to prevent recurrence of the ulcer.
This report presented the case of an elderly diabetic patient that developed multiple sites of gangrene of fingers due to a dog bite and non-traumatic gangrene of fingers and toes, requiring amputation, despite fair glycemic control at the time of the injury. The wounds of fingers and toes of the patient had been aggravated resulting in the development of gangrene and amputation because it had been long time until she visited her family doctor. If she had seen the doctor and had been treated immediately, the wounds would not have developed to such severe gangrene. The injury of a diabetic patient by an animal requires immediate treatment of the wound, including the control of infection, to prevent the development of gangrene.
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